in Drosophila and CBF1 in mammals, and results in the direct activation of target genes. It has been potential repressive role for the mammalian homolog of Su(H), CBF1, and indicated that in the absence of N icd ,
proposed that in the absence of Notch, Su(H)/CBF1 acts as a repressor and is converted into an activator Su(H)/CBF1 could recruit a corepressor complex to shut off target genes [1] [2] [3] . Recent work in Drosophila has sup- with a minimal promoter, conferred expression throughout the imaginal discs, epidermis, and trachea of the Drosophila larvae (Gbe, Figure 1a ,b-d; [14, 15] m8 gene [17, 18] , which is primarily expressed in association with proneural clusters in the imaginal discs. On Activation of Notch by its ligands promotes proteolytic their own, two pairs of Su(H) m8 sites only gave extremely limited activity; patchy expression was detected at the processing, releasing an intracellular fragment (N icd ) that embodies most functions of the activated receptor (rewing disc dorsal/ventral boundary and the tracheal branchpoints [Su(H) m8 , Figure 1a ,e-g). In contrast, the Su(H) m8 viewed in [6] ). There is substantial in vivo and in vitro evidence demonstrating that Su(H) and its homologs in sites had a dramatic effect when combined with three copies of Gbe (Gbeϩ Su(H) m8 , Figure 1a ,h-j). In the other species are required for the activation of Notch target genes, such as the Enhancer of split/HES genes (reimaginal discs, strong activation was detected in a pattern reminiscent of the most widely expressed Notch target viewed in [7, 8] [ 5, 12, 19] ). Expression also occurs at tracheal branchwith Gbeϩ Su(H) m8 indicate first that Grh and Su(H) can cooperate synergistically to confer high levels of transcrippoints in a similar manner to E(spl)mb (Figure 2c,d ) suggesting that this, too, is a site of Notch activity. tion in places known to have Notch activity and second that Su(H) is able to repress the Grh activation function in regions without Notch activity. Intriguingly, the resulting The activation was coupled with apparent inhibition of pattern strongly resembles that of E(spl)mb, although, as Gbe-driven expression in some patches in the discs that we have no evidence yet that Grh normally confers this correspond to the places where E(spl)mb is also silent expression, Su(H) may synergize with a different activator (Figures 1h and 2a,b) . More definitive, however, was the on this E(spl)mb enhancer. It is important to note, howeffect in the epidermis and the trachea. The widespread ever, that neither the synergy nor the repressive effects expression throughout these tissues that is normally elicimply direct interactions between Su(H) and the DNAited by Gbe was shut off (Figure 1i-j) , while the activation bound activators. Based on the experiments with CBF-1, at the tracheal branchpoints was enhanced (Figure 1j) .
it is likely that Su(H) exerts its effects through the recruitSimilar results were obtained using a single copy of the ment of cofactors, which probably include chromatinpaired Su(H) m8 site. This construct had virtually no expresmodifying enzymes such as histone deacetylases [1, 20] . sion on its own but gave an E(spl)mb-like pattern in the discs with Gbe and in 2/6 lines repressed Gbe-derived expression in the epidermis and trachea (Dave Tyler, M.F.,
To confirm that the effects of adding the paired Su(H) m8 sites to Gbe were due to the activity and not simply to and S.J.B., data not shown). Overall, the patterns obtained from the mutant cells (Figure 2f,g) . Likewise, reducing Notch activity using a temperature sensitive combination (N ts1 /N 55e11 ) at the nonpermissive temperature also eliminates the intervein pattern and reduces the dorsal/ventral boundary expression of Gbeϩ Su(H) m8 (Figure 2e) . Thus, the strong disc expression requires Notch and Su(H) and, as it is not seen with the Su(H) m8 sites alone, must involve cooperation with Gbe-bound protein.
Similar experiments were carried out to assess whether repression depends on Su(H) (Figure 3) ], there is widespread expression from Gbeϩ Su(H) m8 throughout the epidermis and tracheal cells, and the strong activation at tracheal branchpoints is lost (Figure 3d ,e). In contrast, there is no expression in the epidermal cells or most tracheal cells when Notch function is reduced (Figure 3f-g ). In the latter case, the activity at the branchpoints is reduced, as in Su(H) mutants, consistent with this being Notch-dependent activation, but there is no derepression in the other tracheal cells (Figure 3e,g) . Clearly, the transgene can be expressed in a similar pattern to the parental Gbe when there is little or no Su(H) protein present, confirming, therefore, that Su(H) is critical for the repression. In contrast, reducing Notch activity has no effect on repression.
Gbeϩ Su(H) m8 confers an E(spl)mb-like expression pattern and
This differential highlights the fact that mutations in Notch of Su(H) (e.g., [21, 22] ), it will be important to reevaluate 
genes.
If Su(H) has the ability to function as a molecular switch, the silencing of Gbeϩ Su(H) m8 expression in the epiderthe length of the Su(H) sequences inserted, a similar mis should be alleviated by ectopic activation of Notch construct was generated in which the Su(H) m8 sites had in this tissue. To test this, we used hsN icd flies, which have been mutated by substituting critical bases in the recognithe intracellular domain of Notch (N icd ) under the control tion sequence. The resulting transgene [Gbeϩ Su(H) MUT ] of the heat-shock promoter. Exposure to 37ЊC induces has an expression pattern similar to the parental Gbe sites ubiquitous expression of N icd , which is a constitutively alone (Figure1a,k-m) , although the levels of expression active fragment of Notch, and under these conditions are reduced. Since these mutations restore the widespread Gbeϩ Su(H) m8 confers expression throughout the epideractivity of the enhancer, it must be the Su(H) sequence mis and the trachea (Figure 3h-k) . In the presence of N icd , per se that confers the activation and repression detected therefore, the silencing is alleviated, and the transgene with Gbeϩ Su(H) m8 .
becomes activated in all the places where Grh is present. If our interpretation is correct and the E(spl)mb -like expression from Gbeϩ Su(H) m8 reflects a synergistic interac- ] in clones of cells in the wing disc leads to an autonomous loss of the high levels of expression DNA-bound activators, like Grh, to promote transcription.
Brief Communication 63

Figure 3 Figure 4
Model for Notch target gene regulation. In the absence of Notch, DNAbound Su(H) (green) prevents activators, such as Grainyhead (blue), from promoting transcription. This is likely to be an indirect effect mediated by corepressors (gray) that are recruited by Su(H) and may act by local modification of chromatin [1, 20] . N icd (orange) is able to alleviate the repression and Su(H)/N icd is able to cooperate synergistically with transactivators (e.g., Grainyhead, blue), probably via the recruitment of additional cofactors, to promote transcription [25] .
though proneural proteins accumulate at highest levels in these cells (e.g., [24] ). According to the model, Su(H) would be able to suppress activators like the proneural proteins until Notch is activated. As soon as levels of Notch are sufficient to overcome Su(H)-mediated repression, the synergistic interactions with activators would lead to a sharp transition in the expression of E(spl) genes. The potent effect of combining Su(H) and Grh also gives a precedent for the way that individual target genes might respond to Notch in specific contexts, if each involves a different transregulator cooperating with Notch. This demonstrates the potential for designing specific molecular assays for Notch activity in different cellular contexts. By replacing the Gbe sites with elements that respond to other activators, it should be possible to generate a transcriptional readout for Notch activity in any cell type.
Supplementary material
Additional details of materials and methods are available at http://currentRepression is dependent on Su(H) and can be alleviated by N icd .
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